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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnukachl ¥ ITTHIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokonbCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE JICKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

9/IEKEHOB Cepra3pl MbIHkacapyJibl (0ac peaakTOpAbIH OpbIHOACAPHI), XUMUS FHUTBIMIAPBIHBIH
nokropsl, mpodeccop, KP YFA akanemuri, «@utoxumus»y XaabIKapaiblK FAUIBIMA-OHIPICTIK XOIIUHTIHIH
nupexropsl (Kaparannsl, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMIAPBIHBIH
JoKTopbl, podeccop, berapycs YFA akanemuri, KaHa marepuaniap XUMHUsICbl HHCTUTY TBIHBIH KYPMETTi
nupexropsl (Munck, beapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FHUIBIM aKaJeMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHMKa
MHCTHTYTBIHBIH 3epTXaHa MeHrepyici (Onomoyn, Yexus) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Dapadu areiHgarsl Ka3Y Y-npiy Oipiamn npopektopsl (Anmarsl, Kazakcran) H =11

XOXMAHH [axymut, Ceren yuuepcuteTiHiH PapmaneBruka (akynsreTiHiH DapMakorHO3us
KadenpachHbIH MeHrepymrici, JKaparbuiblcTaHy FBUIBIMIAPBIHBIH IOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD pokTopsl, Muccucunu yHUBEpCUTETIHIH OCIMIIK @HIMIEPIH FHUIBIMH 3epTTCY
YITTBIK opTansirel, Papmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSTHCKHAW Buramuii, punocodus gokropsr (PhD, dapmariesr), Peaunr yHuBepCHTETIHIH
npodeccops! (Peaunr, Anrmus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
xoppecnionaenT-mymreci, Kasakcran PecmyOmukacst Wugyctpust skoHe WH(PAKYPBUIBIMABIK —JaMy
muHuCTpiiri (Anmarsl, Kazakcran) H =13

DAPYK Acana Jlap, Xamuap ans-Mamxnaa HIsFsic MeviHa KoJulepKiHIH Tpodeccopsl, Xamaap
yauepcuteTiHig Lprpic Mmequimaa akynsreti (Kapaun, [Tokicran) H =21

DA3BIJIOB Cepik JIpaxmMeTyJ1bl, XUMHS FbUIBIMAAPBIHBIH JOKTOPSL, podeccop, KP ¥YFA axanemuri,
OpraHuKaiblK CHHTE3 JKOHE KOMIP XUMUSCHl MHCTUTYTHI JTUPEKTOPBIHBIH FHUIBIMH KYMBICTAp JKOHIHIET
opsrabacaps! (Kaparauasl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XUMHUS FBHUIBIMIAPBIHBIH JOKTOpPBI, Tpodeccop,
Keipreiscran ¥FA akagemuri, KP ¥FA Xumust xoHe XUMUSUIBIK TeXHOJOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [Ixxypadaii XaauKoBHY, XUMHUs FBUIBIMIAPBIHBIH JOKTOPBI, npodeccop, Toxikcran FA
axanemuri, B.M. Huxurun areparsr Xumust nHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJINEB Barug Memkuaoribl, XUMUs FEUTBIMIAPBIHBIH TOKTOPEL, Tpodeccop, ¥FA akamgemuri
(Baky, O3ipoaiixan) H= 13

T'APEJIMK Xempa, ¢unocodus noxrops! (PhD, xumms), XanelkapaablK Taza jKoHE KOJAAHOAIBI
XHMMHSI OJJaFbIHBIH XHUMHUS JKoHE KoplIaraH opra OemimMiiH npesunenti (Jlongon, Arrmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarer, Kazaxcran) H =4

Penaxuuonnas xosuierus:

AJIEKEHOB Cepraspsl MbIHKacapoBu4 (3aMECTHTEIb ITTABHOTO PEAAKTOPA), TOKTOP XUMHUYECKHUX
Hayk, podeccop, akagemuk HAH PK, nupektop MexayHapogHOro Hay4HO-IIPON3BOCTBEHHOTO XOJIANHT A
«Duroxumms» (Kaparanna, Kazaxcran) H =11

ATABEKOB B nagumup EHokoBHY (3aMECTHTENb IIABHOTO PENAKTOPa), JOKTOP XUMHYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, nouerHsli aupexrop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Mumnck, bemapycs) H= 13

CTPHA/l Mupocias, npodeccop, 3aBenyromuii 1abopatopueii HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTkaan, JOKTOp XMMUYECKHX HayK, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY nmenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmarieBTHyeckoro (akyibrera
VYunsepcurera Cerena, aupexTop MexXIUCIMITIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokxrop PhD, npodeccop Ilkomsr dapmanuy HAIMOHAIBLHOTO IEHTPA HAYYHBIX
HCCIIeIOBaHUH PacTUTEIBHBIX MPoxykToB YHuBepcurera Muccucumnu (Oxedopa, CIIA) H =35

XYTOPSIHCKUAWM Burannii, goxrop ¢unocodun (Ph.D, dapmauesr), npodeccop Yaupepcurera
Penunra (Peaunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxanoaiiyibl, JOKTOp TEXHHYECKHX HayK, Tpodeccop, WICH-KOPPECIIOHICHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutust PecyOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

®APYK Acana [lap, mpodeccop komremka Bocrounoit memurmusl Xampmapaa ans-Mamxnna,
¢axynsrer BocTouHoit MenuuuHbl yHuBepeuteTa Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHcTHTYTa Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Llapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, npodeccop, akanemuk HAH
Keiprescrana, Macturyt xumun 1 xumudeckort rexuonorun HAH KP (bumkek, Keiprescran) H =4

XAJIMKOB J[I:xypabaii XaJuKOBUY, JOKTOp XHMHYECKUX HayK, mpodeccop, akagemux AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukutuna AH PT (dyman6e, Tamkukucran) H = 6

DAP3A/IMEB Barug Memkua oribl, JOKTOp XHUMHYECKHX Hayk, Ipodeccop, akagemuk HAHA
(baky, Azepoaiimxan) H=13

T'APEJIMK Xempaa, nokrop ¢unocodpuu (Ph.D, xumus), npesunent Otnena XUMUH U OKpY’Karolieit
cpensl MexIyHapoaHOro cor03a YUCTO! M npukiaaHoi xumun (Jlonnon, Anrmus) H =15
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Almaty technological university, Almaty, Kazakhstan.
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NEW SELECTIVE SORBENTS FOR THE EXTRACTION OF ALKALI
METAL IONS

Kurmanaliev Musrepbek Kurmanalievich — Doctor of Chemical Sciences, Professor, Almaty
Technological University, senior lecturer of the Department of «Chemistry, Chemical Technology and
Ecology», e-mail: mkk@mail.ru https://orcid.org/ORCID ID 0000-0001-8561-4332;

Shaikhova Zhanat Erezhinovna — Master of Technical sciences, senior-lecturer, Almaty Technological
University, senior lecturer of the Department of «Chemistry, Chemical Technology and Ecology»,
e-mail: Zh.shaikhoval965@gmail.com https://orcid.org/ORCID ID 0000-0002-5909-4182;

Alimkulova Zhamilya Dzhakypberkyzy — Master of Chemistry, senior-lecturer, Almaty Technological
University, senior lecturer of the Department of «Chemistry, Chemical Technology and Ecology», e-mail:
Zhamilyalll@mail.ru https://orcid.org/ORCID ID 0000-0002-9938-6710;

Abilkasova Sandugash Orynbaevna — Candidate of technical science, assistant professor, Almaty
Technological University, senior lecturer of the Department of «Chemistry, Chemical Technology and
Ecology», e-mail: sandy ao@mail.ru https://orcid.org/ORCID ID 0000-0001-8322-4592;

Daumetova Saltanat Turmaganbetkyzy — Master of Education, PhD student, Almaty Technological
University, Department of «Chemistry, Chemical Technology and Ecology», e-mail: daumetova83@mail.
ru https://orcid.org/ORCID ID 0009-0008-2667-0228.

Abstract. Macromolecules with crown ether groups represent a fundamentally new
type of sorbents, the active centers of which are ligands that retain electroneutrality in
the process of simultaneous binding of cations, anions or organic compounds. The aim
of the research work is to study the conditions for the preparation of polymeric sorbents
containing diaminodicyclohexylcrown ethers, as well as to study the activity of these
sorbents with respect to the extraction of alkali metal cations. A macroporous copolymer
of styrene and divinylbenzene containing 18.4% chlorine was used in this work.
Chemical grafting of cycloaliphatic crown ethers onto macroporous chloromethylated
copolymer of styrene and divinylbenzene was carried out. Under the selected conditions,
polycrown-ethers with the content of crown ether groups 1.42 mmol/g were obtained
when diaminodicyclohexyl-18-crown-6 (DADCH-18c6) was used, while the content of
macrocyclic groups 1.24 mmol/g was obtained when diaminodicyclohexyl-24-crown-8
(DADCH-24¢8) was used.

129



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

As a result, immobilization of macrocycles on the surface of polymeric carrier
was confirmed by IR spectroscopy and elemental analysis. New selective sorbents for
alkali metal ions based on diaminodicyclohexyl-24-crown-8 and diaminodicyclohexyl-
18-crown-6 were developed. The extraction of alkali metals under static conditions
by grafted type sorbents based on different macrocycles has been investigated. High
values of distribution coefficients of alkali metals by synthesized sorbents in acidic
medium were shown. The following selectivity series were found for the sorbent
with diaminodicyclohexyl-18-crown-6 fragments: K™>Cs*>Na®, and for the sorbent
with diaminodicyclohexyl-24-crown-8 fragments: Na®, K*, Cs". The efficiency of the
obtained sorbent for the extraction of alkali metal cations was shown.

Keywords: polymeric sorbents, sorption, crown ethers, selectivity, styrene-
divinylbenzene copolymer.
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C.T. JaymeTtoBa, 2024.
AJIMaTBI TEXHOJOTHUSIIBIK YHUBEpCHTET1, AnMarel, KazakcTaH.
*E-mail: zh.shaikhoval965@gmail.com

CLITLIIK METAJLJI UOHJAPBIH DKCTPAKIIUSIJIAYFA APHAJIFAH
"KAHA TAHJAMAJIbI COPEEHTTEP

KypmanamueB Mycipen6ek Kypmanomiyabl — AJMarsl TEXHONOTHSUIBIK YHHBEPCHUTET, «XuMH,
XUMHSUIBIK TEXHOJIOTHS )KOHE SKOJIOTHSD) KadeapachIHbIH IPO(ecCOpbl, XMMUSI FEUIBIMIAPEIHBIH JOKTOPHI,
e-mail: mkk@mail.ru https://orcid.org/0000-0001-8561-4332;
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TEXHOJIOTHUSI >KOHE DKOJOTHs» Ka(eIpachHBIH CEHHOP-JIEKTOPBI, TEXHUKA FBHUIBIMJIAPBIHBIH MarucTpi,
e-mail: zh.shaikhoval965@gmail.com https://orcid.org/ORCID ID 0000-0002-5909-4182;
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MarucTpi, e-mail: Zhamilyalll@mail.ru https://orcid.org/0000-0002-9938-6710;

ObinkacoBa Cangyram OpbIiHOAHKBI3BI — ATTMAThl TEXHOJOTHSIIBIK YHUBEPCHUTET1, « XUMHUSI, XHMUSUTBIK
TEXHOJIOTHUSI JKOHE DKOJIOTHSD» Ka(eIpachIHbIH IPOPEccop aCCUCTEHTI, TEXHUKA FhUIBIMBIHBIH KaH/U/IaTHI,
e-mail: sandy ao@mail.ru https://orcid.org/ORCID ID 0000-0001-8322-4592;

JaymeroBa Canranar TypMmaraHO0eTKbI3bI — AJIMaThl TEXHOJOTHSUIBIK YHHBEPCHTETI, «XuMHS,
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Annorauusi.  Kpayn-apup Tomrapel Oap Makpomonekymaigap — OenceHai
OpTaJIbIKTAphl KATHOHAAP/bI, aHUOHAAP/IBl HEMECE OPraHUKAIIBIK KOCBUIBICTapAbl Oip
Mesrinae 6alnaHbICTHIPY MPOLECIHE AMEKTPOHEUTPAIBIIBIKTHI CAKTAWTBIH IUTAHATAD
Ooblll  TaOBUIATBIH COPOEHTTEPHiH TyOereini jkaHa Typi. 3epTTey KYMBICBIHBIH
MakcaTthl — KypamblHJa AWAMHHOJUIMKIOTEKCHIIKpayH sQupiepi Oap mnomumepni
copOeHTTepAl aily KaraailapblH 3€pTTey, COHJAN-aK CUITUIIK MeTall KaTHOHIApbIH
alyFa KaTbICTBI OChI COPOEHTTEpHiH OeNCEeHAUTIriH 3epTTey OONBI TaObLIaIbL.
Opictep MeH Marepuanaap: >KymbicTa Kypambiaaa 18,4% xmop Oap cTtupon MeH
JUBUHWIOCH30MAbIH (8% AWBUHUIOEHOI) Makpomopajibl COMOJIMMEpPi KOIJaHBUIIBL.
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CTtupon MeH IMBUHHMIOSH3O0JIBIH MaKpONOpajbl XJIOPMETHIIACHIEH COMOIUMEpiHe
HUKI0anudarTsl KpOyH-3QUpIepAl XUMUSUIBIK €Ty )Kyprizinai. Tannanran xkarnainapaa
JuaMuHOUIMKIoreKeri- 1 8-kpoyH-6 (JAALI-18k6) xommanraH Ke3ie KypaMbIHIA
1,42 MMOJIB/T KpOYH-3(hUp TONTAPHI Oap MOTUKpayH-3PHUPIIED, TMaMUHOAUITUKIOTeKCHII-
24-xpoyH-8 (JAJALI-24k8) konnanran ke3e 1,24 MMOJIB/T MAKPOLUKIIAL TONTAPIbIH
Ma3MyHBl QJbIHIBL3EPTTEYIEP MEH HOTWXKelep.  MaKpOoUHMKIAEepAiH MHOoIuMepi
TacsIMaNay IIBIHBIH OeTiHe nMMOoOHIH3anusch K creKTpocKonuschl )oHe dIEMEHTTIK
Tanaay opicrepimer pactanasl. JJAIIT-24k8 xone JA AL -18k6 Herizinmeri ciaTiti
MeTaJll HOHJApHI YILiH )KaHa CeNIEKTHBTI cOpOeHTTep a3ipaeHi. CTaTHKabIK Karaaiaa
CUITLNI MeTaapApl SPTYPIIi MaKpOUMKIIEP HETi3iHAE erireH THITI COPOCHTTEPMEH
any 3eprrenai. KpllIKbpUT OpTaga CHHTE3/AEITeH COPOSHTTEPMEH CIITUII MeTalaapIbiH
Tapaiy Kodpduuuentrepinin xorapbl MoHzaepi (Na', K, Cs") kepcerinren. JJAJILI -
18x6 (parmenTTepi Oap COpOEHT YILIiH KeJeci CeNEeKTHUBTLIIK Karapiapbl TaObUIIbL:
Na*, K", Cs*, an JAAUI-24x8 ¢parmentrepi 6ap copoenT yuin: Na*, K*, Cs" ansiaran
COpOEHTTIH CLATiN METal KATUOHJAPBIH ally THIMJLUIITT KOPCETIIreH.

Tyiiin ce3nep: momumMepii copbeHTTEp, COpOLMs, KpayH-3dUpiep, TAaHIaMaIbUIBIK,
CTHPOJI MEH AMBUHUIIOCH3O0JI/IBIH COMOIMMEDI.

OM.K. Kypmanaaues, K.E. lllauxosa*, K./[. AnumkynoBa, C.O. Aduiakacona,
C.T. JaymetoBa, 2024.
ANMaTUHCKUN TEXHOJNOTHYECKUN yHUBepcUuTeT, Anmarel, Kazaxcran.
*E-mail: zh.shaikhoval965@gmail.com

HOBBIE CEJIEKTUBHBIE COPBEHTHI JJI5s1 U3BJIEYEHUA HOHOB
IEJOYHbIX METAJIJIOB

Kypmananues Mycpendek KypmanaaueBnd — AJIMAaTUHCKUI TEXHOJIOIMYECKHH YHHUBEPCUTET,
npodeccop kadenprr «XUMUs, XUMHIECKast TEXHOJIOTUS ¥ DKOJIOTHsI», JOKTOP XMMHUECKHUX HayK, e-mail:
mkk@mail.ru, https://orcid.org/0000-0001-8561-4332;

ManxoBa Kanar EpexuHoBHa — AJIMaTUHCKUN TEXHOJOTMUECKUH YHHBEPCUTET, CEHUOP-JIEKTOP
Kapenpsl «XuMHs, XMMHYECKass TEXHOJOTHS M DKOJOTHS», MAaruCTp TEXHHYECKHX Hayk, e-mail:
zh.shaikhova@mail.ru, https://orcid.org/ORCID ID 0000-0002-5909-4182;

AuuMmkynoBa Kavuis JIxakbpinéepabIKbI3bl — AIMATUHCKUN TEXHOIOIMYECKUH YHUBEPCUTET, CEHHOP-
JeKTop Kadeapsl «XUMUs, XUMUUYECKasi TEXHOJOTHS U DKOJOTHs», MarkucTp XMMHYECKNX Hayk, e-mail:
Zhamilyalll@mail.ru, https://orcid.org/0000-0002-9938-6710;

Aouniakacoa Canpyram OpblHOaeBHA — AJIMATUHCKUN TEXHOJIOTMYECKUH YHHUBEPCUTET, aCCUCTEHT
npodeccopa kadeapsl «XUMHUs, XUMAYECKass TEXHOJOTHS M DKOJOTHS», KaHAWAAT TEXHHYECKHX Hayk,
e-mail: sandy ao@mail.ru, https://orcid.org/ORCID ID 0000-0001-8322-4592;

JaymeroBa Canranat TypmaranO0eTKbI3bl — AJIMAaTHHCKUH TeXHOJIOTWYecKHH yHmBepcuter, PhD
JOKTOpaHT Kadeapsl «XUMHs, XUMHIECKass TEXHOIOTHS M JKOJOTHS», MarHCTp IEarOTHUeCKUX Hayk
e-mail: daumetova83@mail.ru, ORSiD 0009-0008-2667-0228.

AnHoTanuss. MakpoMOJNEeKylbl C KpayH-3(QHUPHBIMH TPYNIaM{ TPEICTABISIOT
cOo0OH NPUHLIMIHMAILHO HOBBIH THI COPOEHTOB, AKTUBHBIMH LEHTPaAMHU KOTOPBIX
SIBIISIFOTCS JIMTAH/Ibl, COXPAHSIONINE AEKTPOHENTPAIbHOCT B IIPOLIECCE OJJHOBPEMEH-
HOTO CBSI3bIBaHMS KaTHMOHOB, aHMOHOB WJIM OpraHWdeckux coequHeHui. llensro
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HCCIICNIOBATENILCKOW PabOTHI SIBISICTCS U3YyUEHHUE YCIOBHUU IMOJIYYEHUS IMOJIUMEPHBIX
cOpOCHTOB,  COAEpKAIIUX  JHAMHHOJMIMKIOTCKCHIKPayH-2QUpPBI, a  Takke
WCCIIEZIOBAaHNE AKTUBHOCTH 3THX COpPOEHTOB B OTHOIICHWH H3BIIEYEHHUS KATHOHOB
IIeTOYHBIX METAJUTOB. MeTo/p! M MaTepHaiibl. B paboTe nemons30Bann MakpOITOPUCTHIN
COTIONIUMED CTHpOJa U AuBHHMIOEH30ma (8% nuBHHMIOEH30Ma), coaepkanuii 18,4%
xyiopa. OcyliecTBieHa XUMAYECKasi MPUBUBKA IUKIOATH()ATHISCKUX KpayH-3(UPOB
Ha MaKPOITOPUCTHIH XJIOPMETHIUPOBAHHBIN COMOIUMEDP CTUPOJIA U JTUBUHHIOCH30IA.
B BBIOpaHHBIX YCJIOBUSAX TPU NPUMCHEHHH JUAMUHOJUIIMKIOTSKCHII-18-KpayH-6
(JAJLI-18k6) monmy4eHbl MOTUKpayH-3QHUPHI C CoJepKaHNeM KpayH-3(OUPHBIX TPYIII
1,42 MMOJB/T, IPH HCIIONB30BAHUH THAMUHOIUIIUKIOTeKCHI-24-kpayH-8 (AL -
24k8) copmeprkaHMe Makponukianueckux Tpymmn 1,24 mmons/r. UccnenoBanus u
pesynbrarbl. UMMOOMIM3aIus MaKPOIIMKIIOB HA IIOBEPXHOCTD TOJIMMEPHOTO HOCUTEIS
noaTBepxkaeHa MeTofgamu MK-criekTpockonuu U 3JieMEeHTHOTO aHanu3a. Pa3paboTaHbl
HOBBIC CEJICKTUBHBIC COPOCHTHI JUISI HOHOB IIEIOUHBIX MeTaioB Ha ocHoBe JIAJIIII -
24x8 u JAJLI-18k6. MccmenoBano u3BICUCHUE MIETOYHBIX METAJIOB B CTATHIECKUX
YCIIOBHUSX COPOEHTAMU ITPUBHUTOTO THITA HA OCHOBE PA3IMYHBIX MaKPOIIUKIIOB. [TokazaHb
BBICOKHE 3HaueHHs kod(duimeHToB pacnpezeneHus menodnsrx mMetammioB (Na®, K,
Cs™) cuHTEe3UpOBaHHBIMHU COpOEHTaMH B KHUCJIOW cpene. HaiineHsl ciemyromme psiibl
CEJICKTUBHOCTH Il COPOCHTA C JTMAaMUHOAMIIUKIOTEKCHII- 1 §-kpayH-6 (pparmMeHTamu:
K" > Cs™ Na', a s copbeHTa ¢ JMaMUHOIUIMKIIOTeKCHIT-24-KpayH-8 QparMeHTamu:
Cs" > K" > Na" [lokazana 3((eKTHBHOCTD NOJIYYEHHOTO COPOSHTA JUIsl M3BICUCHUS
KaTHOHOB IIEJIOYHBIX METAJIOB.

KuroueBbie ciioBa: momuMepHbIe COpOCHTHI, COpOIHs, KpayH-3(DUPHI, CENEeKTHB-
HOCTb, COTIOJIIMEP CTUPOJIA U TUBUHUIOCH30J1a.

Introduction. Macrocyclic polyesters, in particular, crown ethers have specific
physical and chemical properties, as they are able to form complexes with alkali metal
salts, increase the solubility of hard-to-soluble salts in weakly polar organic solvents,
and change the state of ion pairs in solutions of different polarity (Yankovskaya, 2015).
They can bind certain ions by incorporating them into the inner cavity of the crown
ether, with different complex structures being formed depending on the volume of the
corresponding cation.

These complexes are most stable when the size of the metal ion is close to the cavity
size of the crown ether molecule (Yankovskaya, 2016). This makes it possible to create
selective sorbents of complex-forming type on the basis of crown ethers, which are able
to effectively extract metal cations from various solutions. Soaking such sorbents in a
salt solution leads to the fact that the concentration of metal cations in the crown ether
becomes several orders of magnitude higher compared to their concentration in the
initial solution.

Polyester macrocycles have high complexing ability towards alkali and alkaline
earth metal cations. For their efficient extraction it is proposed to use sorbents based
on crown ethers, which are selective to certain metals (Dovhyi, 2017). Their use
significantly simplifies the analysis scheme and allows the separation of metal cation
from solutions of complex composition (Yankovskaya, 2017, Dovgiy et.al. 2017).
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Methods for the preparation of polymeric sorbents containing crown-ethers and
their analogs can be divided into two large groups:

- immobilization of crown-ethers with covalent bonds;

- immobilization of crown-ethers without covalent binding (impregnation).

A number of sorbents based on dicyclohexyl-18-crown-6 and its derivatives
(Yankovskaya, 2018; Yakshin, 2010; Zakurdaeva, et.al., 2010; Bezhin, et.al., 2017)
without covalent binding have been obtained for selective sorption concentration of
alkali metal ions, but they have a number of disadvantages. First of all, it is rather
high solubility of dicyclohexyl-18-crown-6 in water, leading to its leaching from the
sorption system.

In this regard, a promising method for the synthesis of crown-containing polymers is
the immobilisation of crown-ethers with covalent bonds onto various polymeric carriers.

The aim of this work is to synthesize and investigate the complexing properties of
selective sorbents based on diaminodicyclohexyl-18-crown-6 and diaminodicyclohexyl-
24-crown-8 towards alkali metal ions.

Materials and methods

Diaminodicyclohexyl-18-crown-6 (DADCG18k6) and diaminodicyclohexyl-
24-crown-8 (DADCG24k8) were prepared according to the method (Dovhyi, 2017).
Chloromethylated copolymer of styrene and divinylbenzene (ChMC, 8% divinylbenzene)
containing 18.4% chlorine was used.

The interaction of amino derivatives of cycloaliphatic crown ethers with ChMC was
carried out under stirring in dioxane medium in the presence of NaHCO, at 90 °C for 8
h at a molar ratio of polymer: crown compound =1:1.

The exchange capacity was determined by nitrogen content and by the method
described in (Ergozhin, Kurmanaliev 2020).

The sorption of sodium, potassium and cesium ions was studied under static
conditions from aqueous solutions of nitrate salts under stirring at room temperature.
The sorption kinetics was investigated by the method of limited solution volume. To
obtain the kinetic curves of sorption, 0.1 g of sorbent suspensions (m) were placed in
a series of flasks and poured into 10 ml (V) of aqueous solution of the corresponding
salt with an initial concentration (C ) of 8 mg/l and a concentration of nitric acid 1M.
After certain time intervals, the solution was separated from the sorbent by filtration and
the current concentration of metal ions (C) in it was determined on a Kvant-2 atomic
absorption spectrophotometer.

The distribution coefficient was calculated using the formula:

Cinit—Cri
p=mtfin. Y5 g ey
Cfin Msorb
where C, . - concentration of strontium in the initial solution, mg/I;
C,, - concentration of strontium in the solution after sorption, mg/I;
V. - volume of initial solution taken for sorption, ml;

m_ - mass of sorbent taken for sorption, g.

sorb
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IR spectra were recorded on a Vector-22 Fourier spectrometer in KBr tablets.

Results and discussion

The wide variety of available synthetic polymers has ensured their widespread use
as carriers for the immobilization of crown-ethers. The copolymers of styrene and
divinylbenzene have been most widely used for long grafting of crown ethers.

A macroporous copolymer of styrene and divinylbenzene (8% divinylbenzene)
containing 18.4% chlorine was used in this work.

The alicyclic diaminodicyclohexylcrown ethers, which have the highest electron-
donating ability, are of particular interest for the synthesis of kraun-containing sorbents.

The interaction reaction of ChMC with the indicated crown ethers proceeds

according to the following scheme:

LcH- CHQ%

+NaHCO;4
NH2

I'l

CH,Cl

L CH-CH

JC( ;CLNHQ

I’l

Immobilization of macrocycles on the surface of polymer carrier was confirmed by
IR spectroscopy and elemental analysis. In the IR spectrum of kraun-containing sorbents
there are characteristic absorption bands of valence vibrations of simple ether bonds -C-O-C-
in the region of 1350, 1219,1135 cm!, there are intense frequencies of valence vibrations of
NH, - groups at 3425, 3355 cm™. The characteristic frequencies of CH,CI -groups at 1273
and 673 cm! are absent in the sorbent.

The highest degree of covalent binding of crown ethers to the carrier surface was achieved
by immobilization in dioxane at 90° for 16 hours (Table 1).

Table 1. Results of immobilization of crown ethers on ploymer carriers

Crown-ether Solvent Temperature, |Crown ether Exchange capacity,
°C content, % mmol/g

DADCGI18k6 |dimethylformamide |90 48,5 1,18

DADCG18k6 | dioxane 70 36,2 0,88

DADCG18k6 |dioxane 80 50,2 1,22

DADCGI18k6 |dioxane 90 584 1,42

DADCG24k8 | dioxane 90 54.1 1,24
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Under selected conditions, diaminodicyclohexyl-18-crown-6 produced polycrown
ethers with a content of crown ether groups of 1.42 mmol/g, while diaminodicyclohexyl-
24-crown-8 produced a content of macrocyclic groups of 1.24 mmol/g.

The sorption activity of sorbents based on crown-ethers immobilized with polymeric
molecules was investigated.

To determine the kinetic laws of sorption of alkali metals were extracted with the
obtained sorbent from solutions with 1 M nitric acid concentration. The kinetics of
sorption of metal cations was investigated at different duration of contact of sorbent
samples with aqueous solutions of nitrate salts until complete saturation of the sorbent.
The sorption process was investigated by sampling at intervals and measuring the
residual concentration C of metal cations in solution.

The distribution coefficient of alkali metals was calculated using formula (1).

The contact time is an important parameter for studying the kinetic laws of the
adsorption process. It was found that during the first 120 min the rate of adsorption
process increases due to the large number of free adsorption sites on the surface of
crown-ether. With further increase of the contact time, the adsorption rate decreases due
to the gradual filling of the porous surface of the polymacrocycle with sorbate, and the
adsorption process reaches equilibrium. The total sorption time is 48 hours.

The following selectivity series were found for the sorbent with DADCG18k6: K*
> Cs" > Na', and for the sorbent with DADCG24k8: Cs" > K" > Na'". It follows
that the principle of cation-macrocycle structural correspondence is observed for the
synthesized new sorbents.

To construct the sorption isotherm, extraction was carried out with the obtained
sorbent from solutions with different strontium content and 3 M nitric acid concentration.
The obtained systems were periodically stirred. After 48 hours the solutions were
filtered and the concentration of alkali metals was measured. The results of the isotherm
of sorption of alkali metals by the obtained sorbents are presented in Fig. 1.

2

N

10 20 30 40
C, mmol/I

Figure -1 Isotherm of sorption of alkali metal ions by sorbents based on DCG18K6.1-K*;2-Cs*; 3-Na*
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The isotherm of strontium sorption by the obtained sorbent has a linear dependence
in the studied concentration range, i.e. the distribution coefficient does not change.

The efficiency of metal ion extraction from aqueous solutions containing crown-
ethers is influenced by the presence of amino groups. It is known that the amino group
contributes to the formation of a water swelling polymer. When extracting metal salts
from aqueous media, the use of sorbents based on water-swelling polymers will lead to
an increase in the sorption capacity of sorbents due to easier access of metal ions present
in water to the active centers of the sorbent immobilized in the polymer matrix.

Thus, the proposed method of immobilization of macrocycles on available
polymeric carriers allows to obtain by polymeranalogous transformations granular
sorbents possessing a high concentration of crown-ether groups as well as amino groups.
The obtained polymacrocycles may be of interest as selective metal ion sorbents in
chromatography, interfacial catalysis and environmental ecology.

Conclusions

1. New selective sorbents for alkali metal ions based on diaminodicyclohexyl-18-
crown-6 and diaminodicyclohexyl-24-crown-8 have been developed.

2. The recovery of alkali metals under static conditions by graft-type sorbents based
on different macrocycles has been studied.

High values of distribution coefficients of alkali metals (Na, K, Cs) by synthesized
sorbents in acidic medium are shown. The following selectivity series were found for
the sorbent with DADCH18c6: K*>Cs*>Na"*, and for the sorbent with DADCH24cS:
Cs*>K">Na".
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